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Abstract
This paper examines the role that public transport last mile problems play in
mode choice decisions of commuters, while controlling for trip, built environ-
ment, and decision maker related variables. Last-mile problems arise due to
lack of adequate connectivity between transit stops and trip origin or termina-
tion points. The paper is motivated by previous literature which has pointed
out that high-quality public transit needs to consider end-to-end connectivity
from trip origins to destinations. In contrast to previous work on transit last
mile problems which has focused on physical distance and sidewalks to transit
stops, we consider a wider range of area factors including transit availability,
job accessibility, parking costs, the quality of the pedestrian environment and
risks to pedestrians from vehicular traffic, and social characteristics such as
street-level crime. Using a discrete choice model, our goal is to unpack ways
in which such factors contribute to the last mile problem in home-based work
trips, while controlling for these wider range of factors as well as the usual vari-
ables such as cost and trip time that inform mode choice. We find that the
prevalence of non-domestic violent crimes reduces the odds of using all types of
non-motorized alternatives as well as transit that is accessed either by walking
or driving. Using compensating variation to measure welfare changes, we show
that there are significant benefits that could be brought to transit service users
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through increasing safety in the transit access trip. By separately controlling for
origin and destination transit accessibility, we show that improved destination
accessibility significantly boosts transit use to a greater degree than increases
in origin level accessibility. These findings argue for improving accessibility and
related job densities at employment centers.
Keywords: Transit use, Last mile problems, Crime, Accessibility, Destination
Accessibility, Mode choice
1. Introduction
A recurring theme in the transit planning literature is how transit could play
a larger role as a transportation mode in cities and metropolitan areas. The
solutions suggested range from changes to the built environment to support
higher-quality transit, to altering the costs of transportation alternatives to
make transit more competitive and appealing. Part of making transit appealing
has to do with the transit ride itself: fare levels, service frequency, the quality of
the waiting environment, and in-vehicle amenities. However, it is also important
to pay attention to the built and social environments between transit stations
or stops and home, work or other locations where people’s travel originate or
eventually terminate. Challenges posed by built and social environment factors
in the first or last leg of a trip that involves transit as the line-haul mode is
often called the “last mile problem” and it can have an important impact not
only on the decision to use transit for the entire trip, but also on how transit
users reach their boarding locations or their final destinations after alighting
from transit.
Last mile problems, particularly physical distances between stations and
trip origins or destination points that are greater than what people are typi-
cally willing to walk, have been documented for a long time as a critical factor
affecting transit use. While transit operators have some control over the last
mile experience, mainly by altering the location of transit stations for improved
proximity to origin or destination points of demand, and by improving the feel
and quality of stations, the issues that affect the quality of the last-mile trip
are broader. In addition to proximity, access conditions depend greatly on mul-
tiple characteristics of the built and social environment in which the last-mile
trip takes place. These include physical connectivity issues such as the absence
of comprehensive and connected sidewalk or bicycle lane systems, place-based
barriers such as safety risks from vehicular traffic, and social and perceptual
factors such as the absence of retail and employment opportunities and pres-
ence of deterring streetscapes and street level crime in transit accessways or at
stations. There are a myriad of other factors including lack of dedicated last-
mile solutions such as connecting transport or lack of information that can deter
access to transit from trip origins or egress from transit to final destinations.
The last mile problem, therefore, is a complex multidimensional problem that
has physical, place-based, social and perceptual components, addressing which
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would require a multi-pronged approach consisting not only of transportation
and urban design solutions, but also broader social policies.
Our goal in this paper is to unpack the factors that contribute to the last mile
problem in the context of mode choice, while controlling for the usual variables
such as cost and trip time that inform decision making. The paper builds on
our previous work to empirically understand the role that neighborhood factors
play in the choice of travel mode for home-based trips. In an earlier paper
(Tilahun et al., 2013), we looked at how car-owning transit users access transit
boarding locations. The results showed that much of the transit access mode
choice is explained by variables such as the travel time of the access mode and
the characteristics of the decision maker (e.g. age, number of vehicles). We also
found that increases in neighborhood-level factors such as population density
and percentage of minority populations were associated with increases in the
odds of walking to the boarding location relative to driving, while the availability
of parking at transit stations was associated with a decrease in the odds of
walking as compared to driving to the boarding location. In another paper,
using a stated preference approach, we explored the variables that influence
walk-transit access to stations (Tilahun and Li, 2015) and found that walk times,
perceptions of crime, and sidewalk availability were important in influencing
choice.
In this study, we consider a broader set of travelers (pedestrians, transit
users, drivers etc) and investigate the role that different individual, household
and social factors, the built environment and other place-based factors, as well
as trip characteristics, influence mode choice. While travel mode choice has
a long and voluminous literature, detailed characteristics of the physical and
social conditions at the trip origin and destination which potentially act as
last mile barriers to using specific modes have been considered to a lesser de-
gree. Alongside more traditional variables such as travel time and out of pocket
costs, we characterize the quality of the overall trip that each alternative trans-
portation mode provides considering pedestrian safety (as measured by crash
statistics), crime levels (as given by the crime statistics in the area), degree
of pedestrian friendliness (as measured by a composite index), and transit ac-
cessibility (measured by a cumulative opportunities measure). The approach
allows us to estimate the degree to which these attributes influence mode pref-
erences and thereby adds to recent work that have paid increasing attention
to last mile issues and have explored potential solutions (Shaheen and Finson,
2003; Brons et al., 2009; Nelson Nygaard Consulting Associates, Alta Consult-
ing, CALSTART, and Intrago Mobility Services, 2009; Cheng et al., 2012; Wang
et al., 2012).
The overall policy motivation is to understand physical and social barriers
to the last mile problem and to present an approach by which different configu-
rations of last-mile barriers may be identified, measured and addressed towards
the goal of boosting transit ridership. For example, we analyze the extent to
which transit access by different modes of transport are related to sociodemo-
graphic factors and how they vary between peak and off-peak hours. We also
assess the extent to which varying levels of origin and destination accessibil-
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ity surrounding transit facilities support various “transit access modes” such as
walking, bicycling or shared rides for transit access or egress trips. The analysis
allows us to identify policies and the mix of transportation solutions needed
to improve last mile problems. Additionally, we analyze how potential transit
users are likely to value non-transportation programs that reduce social barriers
within the context of the last mile problem, with a particular focus on reducing
station-area crime. This multi-pronged approach allows us to come up with a
comprehensive approach to understanding the last-mile problem and the mix of
solutions needed in areas with different types of last mile problems.
A key element in the analysis is the amount and types of data that we
have gathered to characterize the environments in which mode choice decisions
are being made. Recent years have seen much wider availability of public and
private data that characterize urban environments. We take advantage of these
increasingly available data sources to characterize the built environment, the
social environment, as well as the performance of the different transportation
systems available to users at fairly disaggregate geographies to study how these
affect mode choice behavior. We use, for example, crime data available from
the City of Chicago’s open data portal to evaluate the level of crime prevalence
around transit stations. We exploit the potential offered by Open Street Maps
and GTFS data to compute fairly detailed travel times and transit accessibility
levels. We leverage parking rate information that is made available by different
web portals to create a better picture of the costs travelers face for parking
when destined to different parts of the metropolitan area. By combining these
sources of data along with traditional sources such as those collected by planning
agencies and the Census Bureau, we build a more realistic image of the urban
context within which travel decision makers are making choices.
The rest of the paper is organized as follows: in Section 2, we present back-
ground information on factors explaining mode choice with a particular focus on
trip-maker’s neighborhood-level factors, and on relevant work on the last-mile
barriers in passenger transportation. Section 3 describes the research approach
and the data used for this study. The analysis is presented in Section 4 and
results are presented in Section 5. Section 6 provides a summary and discussion
based on the model results.
2. Background
A voluminous literature has considered factors that affect travelers choice
of mode of transportation. Factors generally considered important include: (1)
mode-specific costs and level of service factors including travel time, out-of-
pocket cost, waiting time or generalized cost of travel by alternative modes,
parking availability and cost, service frequency, time-of-day of transit service and
hours of operation; (2) household-level factors such as household size, number of
children, income, availability of personal vehicles, race and ethnicity, and related
factors; (3) individual traveller-level factors including gender, age, employment,
schedule, need to provide child or other care services; and (4) land-use, urban
design and accessibility factors, including land-use mix, availability of sidewalks
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and other pedestrian factors, population and/or employment density, job or
social opportunities accessibility and other related factors.
Several authors have noted that the built environment and socio-demographics
are important in influencing people’s mode choices (Dieleman et al., 2002; Ew-
ing and Cervero, 2001, 2010; Frank et al., 2008). Using the results of over 200
studies, Ewing and Cervero (2001) synthesized existing literature on the built
environment and travel behavior. Their synthesis suggests that both sociodemo-
graphic and built environment variables affect mode decisions. Others have also
examined neighborhood environments at either origin or destinations or both
in their models. For example, Cervero (2002) and Rajamani et al. (2003) assess
the impact of the built environment at origin and destination on mode choices
and conclude that land use pattern would encourage walking and reduce SOV
commuting. Chen and McKnight (2007) analyzed the relationship between den-
sity and mode choice for home-based tours by considering three dimensions of
the built environment: population and employment densities, job accessibilities
and distance to transit stops, and concluded that built environment is signifi-
cant in influencing mode choice, but that the level of influence varies at origin
and destination, particularly with density at destinations being more important
compared to neighborhood characteristics at origins.
Some papers also separate mode choice for different trip purposes or differ-
ent commuter groups. Cervero and Radisch (1996) compare the influence of
the built environment on mode choice for both work and non-work trips in two
neighborhoods in San Francisco Bay area. They find that neighborhood char-
acteristics are more influential on non-work trips than work trips. Plaut (2005)
looks at factors influencing people’s non-motorized mode choice including neigh-
borhood environment characteristics. He separates homeowner and home renter
commuters and emphasizes that home renters have larger flexibility of changing
neighborhood locations thus alter their travel behaviors than homeowner com-
muters suggesting that the magnitude of the neighborhood influence on mode
choice could vary among commuters.
Factors that can improve the transit experience and improve ridership can
be broadly divided into internal and external factors (Taylor and Fink, 2003).
Internal factors are those over which transit managers exercise some control
such as fare, service quantity and service quality factors. Many strategies to
improve public transit ridership focus on the actual transit service levels and
use conditions. But high returns can potentially also be achieved by facilitating
convenient and safe access to transit facilities. Brons et al. (2009) for example
find that rail stations accessibility is an important aspect of whether rail is cho-
sen as travel mode. They show that facilitating access to rail is more important
than providing parking lots at the stations or improving rail travel itself.
Several authors have commented on various aspects of the transit facility
access problem, including the role of the built environment and role of social
factors such as crime and road safety. Cervero et al. (1995) note that people
in denser places usually walk to transit stations in contrast to individuals in
suburban settings who frequently drive. They also note that transit catchment
areas are larger for lower density suburban places than higher density down-
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towns. Ker and Ginn (2003) have also noted that the assumption of transit
station walking catchment areas being 400 meters or 800 meters may be an
underestimate of actual transit catchment size. Their research highlighted that
people are willing to walk longer distances to reach transit stations especially
rail stations. Daniels and Mulley (2011) also note that walking distance to
transit stops is mostly related to the mode of transit being accessed and that
people are more likely to walk longer distance to train stations than to bus stops.
These works suggest that the experience of the environment in which transit is
being accessed as well as the quality of service influence actual catchment areas
around stations. Park (2008) also notes that street design, the quality of path
walkability, and the walking distance significantly affect people’s mode choice
to transit stations. Land use & urban design variables may combine indifferent
ways to create positive or negative experiences of safety as well as aesthetics
(Cervero and Kockelman, 1997; Ewing and Cervero, 2001) which may in turn
influence different travel behavior decisions.
Another line of research has also focused on safety, and personal well-being
while accessing transit facilities. Kim et al. (2007) noted that the level of crime
around stations impacts transit ridership as well as the mode choice to transit
stations. They noted that female riders were more likely to be dropped-off or
picked-up from stations rather than walking at night from or to stations. The
effect is especially higher when the stations are reputed to have higher levels
of crime. Using a stated preference survey, Tilahun and Li (2015) also find
that crime perceptions, presence of sidewalks, and access times to stations are
important determinants of the decision to walk to transit stations. Walton and
Sunseri (2010), on the other hand, found that fear of crime, distance to transit
stops, carriage of goods, or concern for time are of lesser importance compared
to the convenience of the car and bad weather in explaining why people drive
instead of walk to transit.
Our analysis builds on these research efforts by incorporating both origin
and destination level factors that may influence the choice of mode along with
detailed data on transit service availability, pedestrian environment, network
level variables, automobile crashes, transit station area crime, and personal
constraints, in a transit rich region. By incorporating variables such as crime
and crashes, we aim to incorporate not only the effects of built environments, but
also of issues such as perceptions of safety that may arise from crime prevalence
in an area, or roadways that may feel like they are a danger to cross on account
of reported crashes in an area. Section 3 describes the data and approach used
in this paper.
3. Approach and Data
Our work assumes that mode decisions are made by a rational utility maxi-
mizing decision maker. The choice of mode is assumed to depend on the relative
costs and attributes of the different alternatives, household and personal factors,
trip purpose, as well as built environment and social factors at the origin and
destinations of a trip. Household and personal factors that may be important
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include household size, income, number of vehicles, presence of children, number
of adults in the household, as well as individual characteristics such as gender
and age. We also assume that neighborhood level factors such as how well the
home neighborhood and destination are served by transit, job and population
density, walkability of the neighborhood, as well as street level safety from crime
and pedestrian safety from traffic may play a role in the mode choice decision.
Identifying the role of these myriad factors required that we build a database
that is able to provide details about travelers and their mode choice as well
as granular data on land use, the transportation network in the metropolitan
region, the quality of transit service, the pedestrian environment in different
neighborhoods, the socio-demographic variables of different areas, as well as data
on social phenomenon such as crime. Several different data sources were used
to compile this data. The core of the behavior data which described the mode
choice and purpose of the trip as well as the characteristics of the travel maker
and their household comes from the 2007-2008 Travel Tracker data collected by
the Chicago Metropolitan Agency for Planning (CMAP) from eight counties in
the North-Eastern Illinois area (NuStats, 2008). This data provided origin and
destination information for the trips used in this study at the census tract level
to preserve anonymity of respondents. Further data linkages thus were made
at the census tract level. Data that was linked to this data was: neighborhood
socio-demographic data, job and population density data, crime data, pedestrian
crash data, transit station locations, and data that measured the level of transit
service and walkability of the neighborhood. Since the travel tracker data was
collected in 2007 & 2008, all data linkages were made to available data that
closely matched these years. The sources for each are discussed below.
Socio-demographic data came from the American Community Survey’s 2005-
2009 5-year estimates. Crime data for 2007 was taken from the City of Chicago’s
open data portal, which provided details about location as well as nature of
crime. Data on the locations of transit station data was also gathered from the
City’s data portal. The total number of jobs in each census tract was gath-
ered from the Census Bureau’s Longitudinal Employment-Household Dynamics
(LEHD) Work Area Characteristics (WAC) file for 2009.
Travel times for the mode used by the respondent is available in the Travel
Tracker data. Over 75% of the observations in the data have arrival times at the
destination between 6:00-10:00 AM. For the alternative modes, tract to tract
travel times were calculated using a mass-request tool which queries Microsoft’s
Bing maps assuming departures taking places at 7:30 am. These travel times are
then adjusted using the ratio of Bing reported travel time to the reported travel
time for the mode the respondent used. For example, if the auto travel time
reported by commuter exceeds the Bing estimate by 10%, then travel times for
the alternatives are also raised by 10%. Since actual travel times for the reported
mode use the true OD of the trip, this seeks to make the Bing estimates, which
are centroid to centroid, more in line with the true OD trip.
Parking data was collected from various Internet sites and using parking
rates provided by transit providers. This data was used to generate an inter-
polated parking raster data for the Chicago area which was then used to get
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Table 1: Data sources and years used in study
Data type Source Year
Travel Behavior Data CMAP Travel Tracker 2007-2008
Socio-demographic data U.S. Census (ACS) 2005-2009
Jobs Data U.S. Census (LEHD) 2009
Crime Data City of Chicago 2007
Transit Availability Index Chicago SDSS 2005
Pedestrian Environment Factor Chicago SDSS 2000
Pedestrian Environment Index Peiravian et al. (2014) 2013
Accessibility Tilahun et al. (2015) 2011
Parking Data Phone Calls, web search 2013
parking costs for modes that included driving as an option. Cumulative oppor-
tunity auto and transit accessibility data for the metro region was computed
using the Open Street Maps network and the LEHD’a Work Area Character-
istics (WAC) data(Tilahun et al., 2015). These accessibilities are computed at
the census block group level and aggregated to the tract level by taking an av-
erage. The accessibility values used here correspond to the 8am departure time
for each census tract.
A Chicago-area data resource, the Spatial Decision Support System (SDSS)
(Thakuriah, 2008), was used to characterize transit service and pedestrian en-
vironments around the reported mode choice locations. The SDSS provided a
transit availability factor (TAI) (Minocha et al., 2008) and a pedestrian envi-
ronment factor (PEF) (Cottrill and Thakuriah, 2010). The TAI computes a
composite measure of transit availability by combining frequency, hours of ser-
vice, and service coverage for the regions Bus and Rail systems. The PEF is
the average number of blocks for the quarter section within each census tract
and the eight adjacent quarter sections computed using the 2000 census block
geographies. A higher number of blocks suggests more local streets and a regu-
lar street network (CMAP, 2012). In addition, a pedestrian environment index
(PEI) was also included in the data using the work of Peiravian et al. (2014).
The PEI is a composite index that combines land use diversity, population den-
sity, commercial density, and intersection density.
Table 1 shows sources and the years for these data. The variables that are
further from the date of collection of the behavioral data are the Accessibility,
Parking, and Pedestrian Environment Index (PEI) data. As variables that
are closely tied to the built environment in the city of Chicago, we anticipate
these to change only moderately in most areas over the period of study. While
transit system modifications do occur from time to time, much of the rail system
remains the same as the time of the study and changes to particular bus lines
are not likely to impact cumulative opportunities accessibility measures only
mildly. Table 2 provides a summary of the variables considered in this study.
As noted earlier, all trips considered in this paper are home-based trips
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that originated from the city of Chicago and ended either within the city of
Chicago or in the surrounding suburbs (including suburban Cook County and
the collar counties in Northeastern Illinois). We use only Chicago as the origin
location because the crime data is only available as point observations within
the city limits only. In addition, as one moves out of the City’s limits, census
tract areas get larger and makes it harder to justify the use of census tracts as
representative of the origin neighborhood. The city of Chicago is divided into
801 census tracts. Average tract area is 0.3mi2, whereas the average census
tracts for the metropolitan area excluding Chicago has an area of 4.9mi2. In
the analysis, we only use trips that are reported as work, work-related, school,
and school-related because the mode choice decisions for these trips is likely
to be stable and repeating for each respondent. The Travel Tracker data was
gathered over one day for some respondents and over two days for others. As a
result, it was possible for the same person to appear several times in the data.
For those who have multiple observations, we randomly select one observation
to be included in the analysis.
Chicago has an extensive bus system and a well-established transit network
of commuter trains and rapid transit lines that has had two major additions
in the last 20 years: the Orange Line to Midway Airport, which opened in
1993, and the North Central Line, commuter railroad service to Antioch, IL,
which opened in 1996. Table 3 shows the mode shares of the trips considered
in this study from the City of Chicago to within the city and outside of the
city. The dominant mode is auto, with solo driving being the preferred mode
particularly to suburban destinations, and carpooling a less used form of car-
based transportation. There is substantial transit use when trips are destined to
the city of Chicago accounting for 37.3% of the Chicago-destined trips used in
the analysis. By far the dominant mode of access to transit is walking. Overall
the average trip has a straight line distance of 6.7 miles, though trips destined
outside of Chicago averaged 13.1 miles while those ending in Chicago were on
average 5 miles. About 80% of the trips used in this analysis started and ended
in the City of Chicago while the remainder ended in nearby suburbs.
4. Analysis
Our analysis assumes a utility maximizing rational decision maker. We spec-
ify the indirect utility function (V) for the person k going from location i to j
by mode m as follows (we drop subscripts i and j for clarity below):
Vm = βm + β1Tm + β2
Pm
Ik
+ β3Cm + θ
′Xk + γ′Ok + η′Dk + ζ ′Rk
where:
Tm: Travel time for mode m;
Pm: The out of pocket cost for mode m;
Ik: Household income for respondent k (expressed as annual income (1,000s)).
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Table 2: Summary of variables used in the study
Sample Included in
Variable name mean final model?
Person & household level variables
Gender (1= Male) 0.486 Y
Age 43.2 Y
Vehicles/household size 0.646 Y
Household size 2.47 Y
No household vehicles 13.2% Y
Income $76,693 Y
Trip variables
OD Travel time (minutes):
Auto 19.9 Y
Transit (walk accessed) 44.4 Y
Transit (auto accessed) 54.5 Y
Bicycle 35.1 Y
Walk 25.5 Y
Out of pocket costs:
Auto (operating costs+ parking) $8.10 Y
Walk accessed transit (fare) $2.35 Y
Auto accessed transit (parking+fare) $3.23 Y
Area Transportation Variables
Origin transit accessibility (30 min) 3.3% Y
Destination transit accessibility (30 min) 8.1% Y
Transit availability index (TAI) (composite index) 0.716 N
Road length (mile)/tract area (mile2) 0.018 N
Road length in tract (mile) 2.65 N
Pedestrian environment factor (PEF) (block density) 16.8 N
Pedestrian environment index (PEI) (composite index) 0.403 N
Neighborhood-Level Variables
Population density at origin (people/mi2) 18467 N
Population density at destination (people/mi2) 14491 N
Job density at origin (jobs//mi2) 6738.7 N
Job density at destination (jobs//mi2) 61064 Y
Violence in 1/2 mile and 1 mile of station (origin) 249 & 874 Y
Percentage of non-white pop. (origin) 47.9% N
Percentage of black pop. (origin) 29.3% Y
Median household income at origin $50,885 N
Distance to downtown (origin) 6.92 miles N
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Table 3: Mode shares and average travel times of trips used in model development
Suburban Chicago Average
All destination destination distance (mi.)
Mode shares
Drive alone 50.4% 78.2% 43.4% 7.9
Shared ride 7.2% 7.3% 7.1% 6.2
Transit (Auto access) 3.6% 1.0% 4.3% 8.8
Transit (Walk access) 29.5% 11.4% 34.0% 5.8
Walk 6.1% 1.3% 7.3% 1.4
Bicycle 3.2% 0.8% 3.8% 3.2
Summary stats
Average
Distance (mi.) 6.7 13.1 5.03
% trips 100% 20% 80%
Total trips 1948
Cm: A measure of level of crime a person would be exposed to by choosing
mode m in the vicinity of the origin. We use the number of non-domestic
violent crimes that happened in 2007 within half a mile of boarding (for
auto accessed transit) or within one mile of origin (for walk, bike, walk-
transit modes). The variable takes value 0 for SOV or HOV modes. The
SOV and HOV modes are assumed to shelter one from violence. The
remaining modes either expose the decision maker to crime in the vicinity
of the boarding location or in the path they take. Expressed in 100s.
Xk: A vector of socio-demographic variable associated with the respondent
k (such as age, gender, their household size, household vehicles etc.)
Oi: A vector of neighborhood variables associated with the origin of the
trip (transit accessibility, households with no vehicles, etc.)
Dj : A vector of neighborhood variables associated with the destination of
the trip (such as population density, transit accessibility, etc.)
Rk: A vector of trip related variables for person k (such as purpose, arrival
time at destination, etc.)
θ, γ, η, ζ: Parameters to be estimated for each mode m
β: Parameters to be estimated for the alternative varying variables of
travel time, out-of-pocket cost, and violent crime
The analysis here is applied to home based work, work related, school and
school related trips reported by residents of Chicago. The choice of analyzing
the city separately was mainly driven by granular level data, particularly that of
crime around transit stations, which may deter those wanting to access stations
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by non-motorized modes. A multinomial logit model is used to analyze the
effect of these attributes on respondents mode choice. The model uses three
alternative specific variables —travel time costs, out of pocket costs normalized
by household income, and the potential for the traveller to encounter violent
crime as a result of using a particular mode. We assume that counts of violent
crimes would be closely tied to the perceptions of safety. If a person drives or
carpools to their destination, we assume these alternatives avoid the potential
to encounter crime. If they use an automobile to access the transit station, then
we use a half-mile buffer around the likely boarding station to represent the
potential to encounter crime. In cases where the person walks to a station or
walks or bikes to their destination, we use the count of all non-domestic violent
crimes in a one-mile radius from their origin as a measure of the perception of
how unsafe that alternative mode may be.
Out of pocket costs are composed of the operating cost for a vehicle (fuel
and wear and tear), fare costs, and parking costs. Not all costs apply to every
mode and this variable enters the model as an alternative specific variable.
Daily parking costs were calculated based on estimates developed from local
parking data. The parking data, which included 321 daily parking and monthly
rates at different parking facilities throughout the Chicago metro, was gathered
primarily through online searches coupled with phone calls to different parking
facilities. This was first used to develop a raster data through empirical kriging
and linked to the origin & destination coordinates reported from the Travel
Tracker data. Parking estimates were read from the raster data for both the
boarding location as well as the final destination area depending on the mode
a person would choose. The out of pocket cost, which reflects the fare, vehicle
operating costs, and parking, enters the utility function after being divided by
the household income of the respondent to account for the different marginal
utility of money of different income earners.
Individual and household level factors are also assumed to affect the choice
of a mode. We incorporate gender, age, household size, presence of household
vehicles, and the number of vehicles available per household member 16 years or
older, to capture how these variables affect mode choice. A variety of origin and
destination level factors are also incorporated into the model to estimate their
effect on mode choice. On both the origin and destination ends, we incorporate
population density, job density, cumulative 30 minute transit job accessibility
(expressed as a percentage of regional jobs), and pedestrian environment mea-
sures to capture local area variables. At the origin end, count of non-domestic
violent crimes as well as socio-demographic characteristics of the origin including
median income and racial composition are tested in the model.
The model was estimated using the mlogit library in R (Croissant, 2012). A
number of variables that were collected for the data effort were dropped from the
final model either because they were not significant in explaining mode choice
(e.g. count of automobile crashes at origins) or because they were highly corre-
lated with variables that were eventually included in the model (e.g. pedestrian
environment factor with origin level transit accessibility; destination job density
with destination level transit accessibility). Where correlation was an issue, we
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opted to keep the variables that were explanatory and were policy sensitive.
The base category for the model is the drive-alone mode and the final model is
reported in Table 4.
5. Results
The findings of the model are discussed below separated by the type of
variable. Where income is involved we use the 2013 median household income
as estimated by the 5-year American Community Survey which shows a median
income of $47,270 to discuss values extracted from the model.
Mode-specific variables: The model has three alternative specific vari-
ables —travel time, price (which enters as price/income), and crime exposure.
The model clearly suggests that travel time costs as well as out of pocket costs
are important considerations in the choice of a mode. The model estimates a
willingness to pay of $28.08/hour for someone whose household income at city’s
median income ($11.88/hour and $59.40/hour for incomes of $20K and $100K,
respectively).
Neighborhood level crime that one may encounter is another factor that
comes out as important in mode choice decisions. As discussed earlier, in the
specification of the model this variable takes on crime count values for the
transit alternatives (being dropped off or walking to transit), bicycling and
walking. Automobiles are assumed to limit exposure to street crime. The
estimates suggest that as neighborhood crime increases, the probability that
travelers would choose an automobile alternative for their trip increases, all other
things equal. For example, if there were to be an additional 100 non-domestic
violent crimes annually in an area, the odds of choosing the non-automobile
modes decreases by about 5%. The model suggests a willingness to pay of $0.86
per hundred non-domestic violent crimes in the vicinity of transit stations for
someone making the median income. This is about 43% of the $2.00 current
bus fares in the Chicago area.
Using the model, we estimate the value residents associate with violent crime
reduction in their neighborhood by calculating compensating variation (CV)
estimates. The CV estimates how much money one can compensate (or take
away) from a decision maker after a policy change to return them to the utility
level they had before the change. The value is used to monetize the impact
of the policy. Small and Rosen (1981) have shown that this can be calculated
by taking difference in the logsum at two policy points and multiplying it by
the reciprocal of the marginal utility of income: (CV = −1λ [ln
∑
k e
Vk ]v
2
v1). The
marginal utility of income (λ) in our case is equal to β2/Ik. The approach
has been used, for example, to value mode-destination accessibility (Niemeier,
1997).
To demonstrate the economic value of successful crime prevention policies or
programs, we estimate the compensating variation for a 10% decline in violent
crimes that may be achieved through such a program. We estimate the CV using
a representative decision maker in each census tract that has their characteristics
derived from the 2013 ACS. The decision maker is a female traveller, having the
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median income and age of the tract. Her household size, number of children
and adults, as well as the number of vehicles in the household reflects average
household characteristics for the tract. The 10% reduction for each census tract
is applied to the 2007 crime levels around each tract’s centroid. This means
the crime reductions for high-crime areas in absolute numbers are larger than
for low-crime areas. Travel time and out of pocket costs are set at the average
levels in the model. Since the model includes destination accessibility as an
important factor in mode choice, we compute separate CV estimates for low
cumulative accessibility destinations (set at 0.5% of regional jobs) and high
accessibility destinations (set at 30% of regional jobs). Figures 1a and 1b show
the compensating variation values for each origin tract when trips are destined
to low accessibility and high accessibility destinations respectively. Figures 1c
and 1d show the prevailing crime levels using the 2007 crime data for each census
tract. The high crime areas to the west and south of the city in Figures 1c and
1d are also amongst poorer parts of the city while the northern part of the city
is higher income.
As Figure 1 shows, a 10% reduction in crime at the origin end can be valued
up to $2.74 depending on the characteristics of the origin and the destination.
As the figure shows, reductions are particularly valued in places where existing
crime levels are high. In addition, much of the northern parts of Chicago, where
incomes tend to be higher, also have higher estimates for the compensating
variation. Current bus fares for Chicago Transit Authority are $2.00 per trip.
The compensating variation values suggest that the benefits of a 10% reduction
in violent crime is such that, if it were to be achieved, fares could as much as
double in some areas and the respondent’s utility would not be affected. When
destination accessibility is high, in many parts of the city, price increases of
25% ($0.50) would be tolerated without a loss in utility in many parts of the
city. It is also interesting to note that CV values that are greater than $1.00 are
observed in figure 1 in both the poorer sections of the city (west and south) as
well as in the central business district and northern parts of the city. When the
destination accessibility is not as high, however, almost all decision makers have
compensating variation values that are below $0.50. This is in part because the
non-auto mode utilities to low accessibility destinations are already small and
a reduction in crime in these cases does not alter the utilities of the decision
makers substantially. Overall, this analysis suggests that there are significant
benefits to be derived for transit usage by addressing safety concerns at the
origin end, making transit a more desirable alternative.
Individual & Household Variables: Gender, age, vehicle availability,
and household size play important roles in mode choice for the trips we are
considering. Men prefer bicycling compared to women (p = 0.019), all things
equal. Though the model suggests that men tend to use shared rides (HOV
use) less than women, the p-value is large (p = .107) and no significant effect
is discerned. For the trips considered here, both bicycling and walk-accessed
transit are negatively related to age relative to the drive-alone mode (p < 0.001
in both cases). Each additional year of age reduces the odds of walking to transit
by 1.8% and the odds of bicycling by 4.4% respectively. Not unexpectedly,
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Compensating variation
0.0 - 0.10
0.11 - 0.25
0.26 - 0.50
0.51 - 1.00
1.01 - 2.00
2.01 - 2.74
0 4.5 92.25 Miles
¯
Compensating variation
0.00 - 0.10
0.11 - 0.25
0.26 - 0.50
0.51 - 1.00
1.01 - 2.00
2.01 - 2.74
0 4.5 92.25 Miles
¯
Study area
(Chicago)
Crime counts
4 - 338
339 - 677
678 - 1012
1013 - 1423
1424 - 1897
1898 - 2519
0 4.5 92.25 Miles
¯
Crime counts
0 - 99
100 - 209
210 - 324
325 - 450
451 - 601
602 - 904
0 4.5 92.25 Miles
¯
(a) CV to low accessibility destinations (b) CV to high accessibility destinations
(c) Crime (within 0.5 miles of tract centroids) (d) Crime (within 1 mile of tract centroids) 
Illinois
Figure 1: Compensating variation (CV) for different census tracts for a 10% reduction in
crime (a & b) and crime counts at tract centroids (c & d). The compensating variation
shows the value of the 10% reduction in $ terms by asking “how much income can a
representative resident in a tract give up and still remain at the same utility as before
the crime reduction?”
15
households with no vehicles were significantly more likely to choose one of the
alternatives to the automobile, with walk-accessed-transit having the highest
odds of being chosen over all other options, other things equal. In households
with vehicles, higher vehicles per household adult (16 years or over) indicates a
preference for choosing the automobile over all other modes except the choice of
the auto-accessed transit option; an increase in vehicles per adult does not alter
the odds of use of the automobile for the entire trip over the auto-transit option.
Respondents from larger households were also less likely to walk (p = 0.019),
less likely to use walk-accessed transit (p = 0.096), and more likely to use shared
rides (p = 0.019).
Place variables: As described in the mode-specific variables section above,
crime at the neighborhood level deters use of those modes where one would be
exposed to street level crime (walking, biking, accessing and waiting at transit
station area). In addition, we find the proportion of households with no vehicles
in the respondent’s tract to be important descriptors of choice. In particular,
respondents with higher numbers of zero-vehicle households in their residential
tract were more likely to use the walk-accessed transit mode or the walking
mode to destination all things equal. This is after controlling for whether the
respondent has no vehicles, the number of vehicles per household adult, and
the level of transit service in the origin tract as measured by origin level transit
accessibility. It is possible that people who live in places where a larger number
of others walk to their destinations or access transit by walking also adopt these
alternatives.
Transit accessibility levels at the origin and destination were also found to
be important in influencing mode choice. We use a cumulative opportunities
measure for accessibility measurement. This measure simply counts how many
jobs can be accessed in the metropolitan area from a given origin within a 30
minute travel time by transit. The logarithm of the accessibility measure is
used in the mode choice model (both at origin and destination). The use of
a log transform implies that equivalent changes in accessibility at a place with
very small accessibility and very high accessibility will have different impacts
on a persons utility (i.e. an equivalent change in absolute numbers would have
higher impacts on utility for places with lower accessibility). This aligns with
our intuition. The addition of a transit line in a downtown that is already well
served by transit is less likely to lead to a large mode shift, whereas a new line
that opens up access to a place with limited or no transit may bring about a
substantial mode shifts.
We find that a one unit shift in origin accessibility makes it more likely
to bike (p = .007) and walk (p = 0.081), and less likely to use auto-accessed
transit. Surprisingly, there was no impact of origin accessibility on making
walk-transit a more preferred option. Destination accessibility (measured the
same way), on the other hand, made every other option except walking more
likely to be chosen relative to the auto mode, other things equal. For every
unity increase in destination accessibility (log scale), the odds of using an HOV
rose by 21% (p < 0.001); that for biking rose by 39% (p-val=0.003) and that
for walk-accessed and auto-accessed transit rose by 63% (p− val < 0.001) and
16
149% (p− val < 0.001) respectively.
It is possible that there are several reasons for the positive association be-
tween destination accessibility and transit use. One reason may be that places
with higher accessibility often have good transit service through out the day.
This makes it easy to accommodate changes in schedule and to have mobility op-
tions if/when needed, which is often desirable. In addition, accessibility may be
capturing attributes of places that go beyond the the travel time and reachable
jobs components of the measure. High accessibility is closely related to higher
job density, higher population density, and to better pedestrian environments.
Figure 2 shows how destination accessibility in the data is related to these
density and walkability related variables. The pedestrian environment (PEI) in
the figure includes components of population and commercial density, land use
diversity, and intersection density as described earlier in Section 3. These high
degrees of correlation suggest that some of the attractiveness of high accessibility
destinations is possibly due to the strength of diversity, density, and potentially
design features. Not all these variables could be included in the model either
because they were not available for all destinations (as in the case of the PEI) or
were correlated with an existing variable (as was the case of job density) or were
unimportant in explaining choice (as was the case for destination population
density).
Trip related variables: Two trip level variables are included in the model.
The first identifies whether the arrival hour at the destination is between 6-9am,
and the second identifies work trips separate from the remaining trips (work
related, school, and school related). Work trips and trips whose arrival at their
destination is between 6-9am increase the odds of using transit (walk accessed
as well as auto accessed) relative to non-work and out-side-of-peak-hour trips.
Bicycling is also moderately more likely when the trip is a work trip than work-
related, school, or school-related trips (p− val = 0.069).
6. Summary
This paper analyzed the role of personal, built environment and modal vari-
ables on the mode choice of travelers for their work commute, with a particular
focus on the transit last-mile trip. We examined factors contributing to transit
first/last-mile problems. Last mile issues are often cited as one of the barri-
ers to transit use. Often, these discussions focus on the length of access time
between a person’s start point and the location of their boarding or alighting
station. We have built on such studies by evaluating neighborhood-level factors
and mode characteristics, while also controlling for trip and person related fac-
tors. We brought together different datasets to create a rich description of the
built environment including transit availability and job accessibility measures,
the pedestrian environment and risks to pedestrians from vehicular traffic, park-
ing costs and availability, and social characteristics such as street-level safety.
We find a variety of factors affect mode choice, including out-of-pocket costs
and travel time, crime, levels of transit accessibility, neighborhood-level vehi-
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Figure 2: Correlation between destination level measures of accessibility, population density,
job density, and the pedestrian environment index
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cle ownership, and variables that are specific to the decision maker and their
household.
We find that the prevalence of non-domestic violent crime reduces the odds
of using non-motorized alternatives as well as the use of transit that involves
walking or driving last-mile options to access a station. While the sign and
strength of significance of observed crime levels is apparent, how well these
levels correspond to people’s knowledge and perceptions of crime on the basis
of which they make mode choice is less known. We are able to estimate from
the model that efforts to reduce crime or improve perceptions of safety will have
positive payoffs to transit use as well as to walking and bicycling; for example,
the benefits of a 10% reduction in violent crimes is such that, if it were to
be achieved, fares could as much as double in certain areas and yet travelers
would not be worse off. This effect is heterogeneously distributed in different
areas but we also note that relatively high compensating variation values are
observed in both high income and low income areas of the city. Successful crime
prevention programs could therefore be supported through some increases in
fares without making travelers worse off, leading to improvements in service
quality and potential increases in transit ridership.
A result that was robust to different specifications of the indirect utility
was the impact of origin and destination accessibilities. The model suggests
that those living in high transit accessibility areas were no more likely to use
the walk-transit alternative as compared to the auto mode all other things
equal. They were however less likely to use the auto-accessed transit option than
driving alone. Rather, it was transit accessibility at destinations that seemed
to strongly influence choice to use transit as compared to driving as well as to
bicycle. All other things equal, those traveling to areas with high levels of transit
accessibility were also more likely to use shared rides. It is important to note
that the attractiveness of destination accessibility for transit is after controlling
for cost differences between auto and transit, including parking costs, which
are captured by the price variable. As we discuss in Section 5, the positive
association with destination accessibility may in part be due to the features of
job density, diversity and walkability that go along with high transit accessibility
places. The finding does highlight that these features are much more important
to transit takers on the destination end than they are at the origin end of these
trips.
Different studies have shown accessibility (measured as cumulative opportu-
nities, gravity based accessibility, or distance to downtown) to be an important
variable in travel behavior (see Ewing and Cervero (2001, 2010) for a synthe-
sis). We also find it to be important but with varying degrees of importance
at the origin end and at the destination end of a trip for different modes. For
bicycling, for example, both origin level and destination level accessibilities have
similar positive impacts. For walking, origin level accessibilities are important.
For transit use, however, it appears much more important that the destination
that one is traveling to has higher accessibility. The city dweller residing in
a high accessibility location may indeed drive if heading to a low accessibility
destination while a suburbanite heading to a high accessibility destination may
19
find transit to be an attractive choice.
From a last mile research perspective these findings suggest that improve-
ments to accessibility and associated built environment features such as job
density and diversity at the terminating end of the trip maybe much more im-
portant in influencing choice. We also note that the impact of equivalent gains
in cumulative accessibility is larger in areas that currently have low levels of
accessibility as compared to areas that already have high levels of accessibil-
ity. Together these findings suggest that there are positive payoffs to increasing
densities of employment and improving accessibilities particularly at low density
employment centers.
Different socio-demographic variables were also important in informing choice.
Age deterred bicycling to work. Women were less likely to bicycle. Household
variables such as household size made ride sharing more likely and walking
less likely. Vehicle unavailability influenced the use of non-SOV modes, while
increases in per-capita vehicles in a household favors driving alone or auto ac-
cessed transit. Socio-demographic variables of the origin neighborhood as mea-
sured by the percent of households with no vehicles positively influenced the use
of walk-transit or walk even after controlling for the person’s vehicle ownership.
Alternative specific cost and travel time also have the expected influence
on choice with higher cost alternatives and higher travel time alternatives being
shunned by decision makers. Each additional minute of travel (whether to access
a station or on board a vehicle) reduces the odds of that alternative. All things
equal, this means alternatives that have less circuitous routes would be preferred
for last mile connections.
All in all we find that safe walking environments and station areas on the
origin end and high accessibility features at destinations are key elements of
the transit trip and the last mile problem. These results have implications for
the types of last-mile solutions needed in different areas to boost transit use.
The results indicate considerable benefits to coupling transit planning activity
with crime reduction and safety programs in origins of home-based work trips,
but some of these strategies could potentially be organic and citizen-generated,
for example, involving the use of information technology-based solutions that
leverage mobile technologies to find, in real-time, walking or traveling buddies
from bus stops and train stations in unsafe areas. The use of social media can be
a key factor in driving these types of self-organizing, collaborative transportation
connectivity options.
Finally, given the multidimensional nature of the last-mile problem, it may
be useful to consider Behavior-Driven Development (BDD) or similar digital
service development approaches in transit planning, where explicit “user jour-
neys” are considered to serve transit customers with specific profiles or desired
“user stories” entering and exiting the travel system in specific ways. While
needs assessments and gap analysis are central in transit planning, they are
typically done from the perspective of system connectivity compared to indi-
vidual user connectivity. The seamless provision of user journeys will require
collaboration among a large number of stakeholders and will involve connecting
various physical and digital elements in the system. Such customization is typ-
20
ically used in software design and web services design but if transit is thought
of as a service, then such principles may very well be needed to address the vast
combinations of factors that affect any one traveler’s unique last-mile situation
and choices. Realizing such an outcome will require the exploration of models of
institutional collaboration and coordination among public, private, non-profit,
community groups and others, towards the goal of addressing myriad problems
that arise due to the last-mile problem.
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